



















Report No. SAIC-87/1515 
Study NO. S A I C  1-120-778-C15 
SATELLITE SERVICING PRICE 
ESTIMTION INSTRUCTION BOOKLET 
prep a r e d  by 
Advanced Planning and Ana lys i s  D i v i s i o n  
Space Sciences Department 
Science App l i ca t i ons  I n t e r n a t i o n a l  Corpo ra t i on  
1701 E. Woodf ie ld  Road 
Schaumburg, I L  60173 
f o r  
Engineer ing D i  r e c t o r a t e  
Houston, TX 77058 





T h i s  r e p o r t  documents t h e  r e c u l t s  o f  a b r i e f  s tudy t o  develop a p o s s i b l e  
methodology f o r  e s t i m a t i n g  t h e  p r i c e  t o  non-U.S. Government users f o r  
s a t e l l i t e  s e r v i c i n g .  T h i s  s tudy was conducted between November 1986 and 
January 1987 under Cont rac t  NAS9-17207 (Gordon Rysavy - Technica l  M o n i t o r )  as 
p a r t  of a fo l low-on e f f o r t  t o  o t h e r  s t u d i e s  performed under t h i s  c o n t r a c t .  
The r e s u l t s  a r e  in tended t o  a s s i s t  NASA p lanners  i n  t h e  development o f  a 
S a t e l l i t e  Serv ices System Program Plan, 
S tephen J. Hoffman served as t h e  P r o j e c t  Manager f o r  t h i s  e f f o r t  w i t h  
s i g n i f i c a n t  c o n t r i b u t i o n s  by Deanna Limperes, T e r r i  Ramlose, John Soldner,  and 
Dan Spadoni. 
i 




FOREWORD .............................................................. i 
1, INTRODUCTION ..................................................... 1 
2, PRICE ESTIMATION ALGORITHM ....................................... 2 
Par t  I. Fixed  P r i c e  for  Miss ion  P lann ing  ...................... 3 
Par t  11. V a r i a b l e  P r i c e  for  Miss ion  P lann ing  ................... 5 
Par t  111. Opt iona l  Serv ices  ..................................... 6 
1. E x t r a v e h i c u l a r  A c t i v i t y  ................................. 7 
3. A d d i t i o n a l  STS Support .................................. 9 
5. Payload M iss ion  Planning Analyses ....................... 11 
2. Payload S p e c i a l i s t  ...................................... 8 
4. Payload Eng ineer ing  Analyses ............................ 10 
6.  Nonstandard A l t i t u d e  .................................... 12 
7. Nonstandard I n c l i n a t i o n  ................................. 13 
8. Launch S i t e  Support Serv ices ............................ 14 
APPENDIX A: SATELLITE S E R V I C I N G  PRICE ESTIMATION WORKSHEETS 





The c o s t  c r i t e r i a  f o r  a s a t e l l i t e  s e r v i c i n g  m i s s i o n  f rom t h e  customer 's 
p e r s p e c t i v e  were assessed i n  an e a r l i e r  phase o f  t h i s  c o n t r a c t  by d i s t r i b u t i n g  
a d e t a i l e d  survey t o  i n d i v i d u a l s  w i t h i n  b o t h  t h e  c i v i l i a n  and m i l i t a r y  user  
groups. An o b j e c t i v e  of  t h e  q u e s t i o n n a i r e  was t o  make t h e  r e s u l t s  a v a i l a b l e  
t o  NASA f o r  c o n s i d e r a t i o n  when f o r m u l a t i n g  a p r i c i n g  p o l i c y  i n  t h i s  area. We 
have subsequent ly t a k e n  t h i s  s tudy one s tep  f u r t h e r  by deve lop ing  one p o s s i b l e  
p r i c e  e s t i m a t i n g  methodology f o r  non-US. Government users, based upon t h e  
d e s i r e s  o f  t h e  user  community and the o f f i c i a l  NASA g u i d e l i n e s  a t  t h e  t i m e  o f  
t h e  Chal lenger  acc ident .  S ince an o f f i c i a l  s a t e l l i t e  s e r v i c i n g  p r i c i n g  p o l i c y  
i s  s t i l l  pending w i t h i n  NASA, t h e  methodology presented here  i s  o n l y  one of 
severa l  p o t e n t i a l  pa ths  t h e  o f f i c i a l  p o l i c y  may take. 
One impor tan t  r e s u l t  o f  our cost  c r i t e r i a  survey i s  t h a t  non-U.S. Govern- 
ment users  cons ider  knowledge o f  the o v e r a l l  p r i c i n g  p o l i c y  more impor tan t  
t h a n  knowledge o f  t h e  a v a i l a b i l i t y  o r  c a p a b i l i t i e s  o f  a s e r v i c i n g  opt ion.  
C o n s e q u e n t l y ,  t h e  f o r m u l a t i o n  o f  an o f f i c i a l  p r i c i n g  p o l i c y  i s  a h i g h  
p r i o r i t y  among non-U.S. Government users,  s i n c e  p r i c i n g  a lone may determine 
whether s e r v i c i n g  w i l l  be done a t  a l l .  
The NASA R e t r i e v a l / R e v i s i t  p o l i c y  as  presented i n  November 1985 p e r t a i n s  
o n l y  t o  coopera t ive  spacecra f t ,  i.e., those spacecra f t  i n  Shut t le -compat ib le  
o r b i t s  (160 nmi x 28.5" i n c l i n a t i o n )  t h a t  a r e  s p e c i f i c a l l y  designed t o  be 
r e t r i e v e d / s e r v i c e d .  Examples o f  c o o p e r a t i v e  spacecra f t  c i t e d  i n  t h e  NASA 
p r e s e n t a t i o n  a r e  EURECA, Leasecraf t  , and Omnistar. Exampl es o f  non-coopera- 
t i  ve s p a c e c r a f t  i n c l u d e  Long Dura t ion  Exposure Faci  1 i t y  ( LDEF) , t h e  So lar  
Maximum m i s s i o n  s p a c e c r a f t  , and t h e  Hubb le  Space T e l e s c o p e .  S e r v i c i n g  
miss ions  t o  these non-cooperat ive spacecraf t  were t o  have been n e g o t i a t e d  on a 
case-by-case bas is .  Based upon the d e s i r e s  o f  t h e  user  community, i t  i s  t h e  
i n t e n t  o f  t h i s  document t o  p r o v i d e  a methodology whereby t h e  user  can es t imate  
a rough order-of-magnitude p r i c e  for any k i n d  o f  servicing/retrieval/exchange 
miss ion ,  whether i t  i s  coopera t ive  o r  non-cooperat ive.  
The d e s i r e s  o f  t h e  user community a r e  r e f l e c t e d  i n  t h e  p r i c e  e s t i m a t i n g  
methodology presented i n  t h i s  repor t .  F i r s t ,  t h e  users requested f i x e d  p r i c e  
ranges f o r  each s e r v i c e  o r  a c t i v i t y  as a s t a r t i n g  p o i n t  f o r  n e g o t i a t i o n .  
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Second, t h e  users would p r e f e r  t o  pay f o r  o n l y  those s e r v i c e s  o r  a c t i v i t i e s  
used r a t h e r  than one lump sum based upon t h e  t o t a l  t i m e  f o r  t h e  s e r v i c i n g  
m i s s i o n .  These t w o  d e s i r e s  a r e  r e f l e c t e d  i n  t h e  f i x e d  p r i c e  r a n g e s  f o r  
o p t i o n a l  s e r v i c e s  developed l a t e r  i n  t h i s  r e p o r t .  The methodology presented 
here  assumes t h a t  NASA owns general purpose s e r v i c i n g  hardware (e.g., sate1 - 
l i t e  h o l d i n g  devices,  p r o p e l l a n t  tankers,  e tc . )  and t h a t  NASA has borne t h e  
development cos ts  f o r  t h i s  hardware. Any unique hardware w i l l  be s u p p l i e d  by 
t h e  user ,  and assoc ia ted  c o s t s  w i l l  be a d d i t i o n a l  t o  t h e  e s t i m a t e  prov ided by 
t h i s  a lgor i thm.  
The c o s t s  quoted a r e  a l l  i n  FY 1982 m i l l i o n  d o l l a r s  ( u n l e s s  o therw ise  
no ted) ,  and a r e  taken f rom t h e  NASA R e t r i e v a l / R e v i s i t  P o l i c y  as presented i n  
November 1985, and a1 so NASA document JSC-20109 "Nat iona l  Space T r a n s p o r t a t i o n  
System Opt iona l  S e r v i c e s  P r i c i n g  Manual ,I' dated October 1984. 
Append ix  A t o  t h i s  r e p o r t  con ta ins  a s e t  o f  worksheets designed t o  h e l p  
users ensure t h a t  t h e y  have inc luded a l l  f a c t o r s  i n  e s t i m a t i n g  c o s t s  f o r  a 
s a t e l l i t e  s e r v i c i n g  miss ion.  Appendix B i n c l u d e s  completed p r i c e  e s t i m a t i o n  
worksheets f o r  f i v e  sample missions. 
2. PRICE ESTIMATION ALGORITHM 
A s t r o n g  d e s i r e  was expressed by t h e  user  community f o r  e s t a b l i s h i n g  
s a t e l l i t e  s e r v i c i n g  p r i c e s  as a rninimum/maximum range f o r  each s e r v i c e  o r  
a c t i v i t y  o f f e r e d ,  and then n e g o t i a t i n g  t h e  f i n a l  p r i c e  ( w i t h i n  t h a t  range) on 
a c a s e - b y - c a s e  b a s i s .  The o b j e c t i v e  o f  t h e  f o l l o w i n g  m e t h o d o l o g y  i s  t o  
p r o v i d e  t h e  user  w i t h  a rough order-of-magnitude es t imate  o f  t h e  f i n a l  p r i c e  
by a p p l y i n g  minimum/maximum ranges f o r  t h e  a p p r o p r i a t e  s e r v i c i n g  a c t i v i t i e s .  
The t o t a l  p r i c e  f o r  a s a t e l l i t e  s e r v i c i n g  miss ion  can be approximated by 
t h e  sum of t h r e e  components: 
1. The f i x e d  p r i c e  f o r  mission p l a n n i n g  ( independent o f  space- 
2. The v a r i a b l e  p r i c e  f o r  S h u t t l e  t r a n s p o r t a t i o n  (dependent on 
c r a f t  geometry ) 





















3. The p r i c e  f o r  a l l  o t h e r  op t i ona l  s e r v i c e s  ( i f  r e q u i r e d )  
The methodology f o r  e s t i m a t i n g  t h e  p r i c e  of  each component i s  d iscussed i n  
d e t a i l  below. 
P a r t  I ,  F ixed  P r i c e  for  M i s s i o n  P lann ing  
The m iss ion  p l a n n i n g  package covers a r e q u i r e d  s e t  o f  se rv i ces  p rov ided  
t o  a customer reques t  i ng t ranspor ta t  i on s e r v i  ce t o  rep1 ace, r e t  r i  eve, o r  
s e r v i c e  a p r e v i o u s l y  deployed, o r b i t i n g  payload. S p e c i f i c  t asks  p rov ided  i n  
t h i s  f i x e d - p r i c e  package i n c l u d e  as a minimum t h e  f o l l o w i n g :  
Rendezvous/proxi m i  t y  operat i ons 
P1 ume imp i  ngement and contami n a t i o n  a n a l y s i  s 
Ku-band rendezvous rada r  a n a l y s i s  
F l  i ght  des ign  
Crew and ground personnel t r a i  n i  ng 
Use o f  remote man ipu la to r  system 
S imu la to r  t i m e  f o r  miss ion  p lann ing ,  ana lys i s ,  and t r a i n i n g  
Payload b e r t h i n g / s t o w i n g  i n  t h e  O r b i t e r  
The p r i c e  o f  t h e  m i s s i o n  p lann ing  package depends on t h e  i n d i v i d u a l  use r  
pay load requi rements;  i .e., t h e  s e r v i c i n g  m iss ion  may be requ i red  i n  one o f  
t h r e e  degrees o f  complex i ty :  simple, i n te rmed ia te ,  and complex. The s imp le  
m i s s i o n  p l a n n i n g  package g e n e r a l l y  app l i es  t o  miss ions  c o n s i s t i n g  o f  a r o u t i n e  
repeat  launch o f  t h e  O r b i t e r  t o  t h e  pay load o r b i t  t o  r e t r i e v e  t h e  pay load and 
r e t u r n  t o  t h e  ground. Th is  package uses s tandard  f l i g h t  des ign and crew 
a c t i v i t y  procedures. The i n t e r m e d i a t e  m i s s i o n  p l a n n i n g  package g e n e r a l l y  
a p p l i e s  t o  miss ions  r e q u i r i n g  payload s e r v i c i n g  assoc ia ted  w i t h  t h e  changeout 
o f  p a r t s  o r  t h e  rep len ishment  o f  consumables. The complex mission planning 
package would app ly  t o  a r e t r i e v a l  f rom a f i r s t - o f - a - k i n d  rendezvous o r b i t  
and/or t o  more e x t e n s i v e  o n - o r b i t  payload suppor t  such as s ta t i onkeep ing ,  pay- 
1 oad o b s e r v a t i  on , pay l  oad checkout, o r  pay l  oad v e r i  f i  c a t i o n  ( see F i  gure 1). 
I n  genera l ,  NASA w i l l  schedule r e t r i e v a l / r e v i s i t  m iss ions  no t  sooner than  
s i x  months a f t e r  deployment, and w i l l  ass ign  a 90-day r e t r i e v a l  window f o r  
3 
Figure 1 
Example of activities associated with the categories Of payload revisit I 
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p l a n n i n g  f l e x i b i l i t y .  The customer w i l l  be r e q u i r e d  t o  maneuver t h e  space- 
c r a f t  t o  be s e r v i c e d  i n t o  t h e  v i c i n i t y  o f  t h e  o r b i t e r ,  i,e., 160 nmi and 28.5' 
i n c l  i n a t i  on. 
Part  11. Variable Pr ice  for Shuttle Transportation 
The u s e r  w i l l  be charged a percentage o f  t h e  ded ica ted  f l i g h t  p r i c e  f o r  
S h u t t l e  t r a n s p o r t a t i o n .  The e x a c t  p e r c e n t a g e  c h a r g e d  i s  based upon t h e  
maximum o f  f o u r  weight  and l e n g t h  l o a d  f a c t o r s  f o r  bo th  t h e  up and down l e g s  
o f  t h e  mission. The up-leg length factor  i s  c a l c u l a t e d  i n  t h e  same way as t h e  
s tandard S h u t t l e  p r i c i n g  p o l i c y ,  i.e., payload l e n g t h  ( p l u s  6 inches f o r  
dynamic c learance)  as a f r a c t i o n  o f  t h e  cargo bay l e n g t h  ( 6 0  f e e t ) .  The 
up-leg weight factor*  i s  a l s o  c a l c u l a t e d  i n  t h e  same manner as t h e  s tandard 
S h u t t l e  p r i c i n g  p o l i c y ,  i.e., payload weight  as a f r a c t i o n  o f  t h e  cargo bay 
we igh t  c a p a b i l i t y ,  b u t  t h e  up-weight i n c l u d e s  an a d d i t i o n a l  1,500 pounds of 
p rope l  1 a n t  f o r  rendezvous. The down-1 eg p r o v i s i o n s  i n c l  ude no charge f o r  
cargo up t o  20,000 pounds, and a dedicated f l i g h t  p r i c e  f o r  cargo o f  32,000 
pounds, t h e  maximum down-weight capac i ty .  The down-leg weight factor  i s  
c a l c u l a t e d  as a l i n e a r  v a r i a t i o n  i n  p r i c e  f o r  cargo we igh ts  between these 
l i m i t s .  For a payload l e n g t h  o f  20 o r  more f e e t ,  t h e  down-leg length factor  
i s  c a l c u l a t e d  u s i n g  t h e  standard method. F o r  payload l e n g t h  l e s s  than 20 
f e e t ,  a d iscount  i s  a p p l i e d  as f o l l o w s :  
down-length down-1 engt  h 
60 20 down-leg l e n g t h  f a c t o r  = 
The S h u t t l e  t r a n s p o r t a t i o n  charge f a c t o r  i s  t h e  maximum o f  t h e s e  four  l o a d  
f a c t o r s  d i v i d e d  by 0.75. (The e f f e c t i v e  charge f a c t o r  i s  never  g r e a t e r  than 
1.0.) The t r a n s p o r t a t i o n  charge i s  t h e  p r i c e  o f  a ded ica ted  f l i g h t  m u l t i p l i e d  
b y  t h e  c a l c u l a t e d  charge fac to r ,  As o f  January 1987, a ded ica ted  f l i g h t  
launched a f t e r  FY1988 w i l l  c o s t  74 m i l l i o n  d o l l a r s  (FY82 d o l l a r s ) .  
~ 
* See page 12 f o r  m o d i f i c a t i o n s  t o  t h i s  c a l c u l a t i o n  f o r  miss ions t o  
nonstandard a l t i t u d e s .  
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P a r t  111. Opt iona l  Services 
The f o l l o w i n g  s e c t i o n s  c o n t a i n  f i x e d  p r i c e s  and r a t e s  f o r  serv ices ,  i n  
a d d i t i o n  t o  t h e  s tandard  Space S h u t t l e  serv ices ,  commonly r e q u i r e d  b y  NSTS 
customers f o r  a wide v a r i e t y  o f  s a t e l l i t e  s e r v i c i n g  miss ions.  The f i x e d  
p r i c e s  charged f o r  t h e  o p t i o n a l  serv ices  l i s t e d  i n  t h i s  s e c t i o n  a r e  taken f rom 
t h e  "Nat iona l  Space T r a n s p o r t a t i o n  System Opt iona l  Serv ice  P r i c i n g  Manual" 
(JSC-20109, O c t o b e r  1984), and t h e  r e a d e r  i s  r e f e r r e d  t h e r e  f o r  f u r t h e r  
d e t a i  1 s. 
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1. E x t r a v e h i c u l a r  A c t i v i t y  - Each NSTS miss ion  i n c l u d e s ,  as a s tandard 
s e r v i c e ,  t h e  e x t r a v e h i c u l a r  m o b i l i t y  u n i t  (EMU) and suppor t  hardware f o r  
t w o  EVA crew members t o  support  one O r b i t e r  con t ingency  EVA and two 
p a y l o a d  suppor t  system cont ingency EVAs. A l l  pay load EVA requirements 
exceeding t h e  s tandard s e r v i c e  EVA c a p a b i l i t y  a r e  cons idered o p t i o n a l  
serv ices ;  i.e., a l l  planned payload EVAs are  charged as an optional 
service. A planned EVA r e q u i r e s  e x t e n s i v e  crew t r a i n i n g  and i n c l u d e s  t h e  
c o s t  o f  EMU re fu rb ishment  and expendables. 
R e q u i r e m e n t s  f o r  E V A  a r e  d i v i d e d  i n t o  t h r e e  l e v e l s  o f  c o m p l e x i t y :  
simple, i n t e r m e d i a t e ,  and complex, as d e f i n e d  i n  Table 1. I n  a d d i t i o n  t o  
t h e  cos ts  quoted here, any development cos ts  o f  new payload-unique t o o l s  
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S i  mpl e 0 No unique t o o l s ,  mockups, m o b i l i t y  a i d s  
0 E x i s t i n g  procedures and techniques 
0 One 2-person EVA 
I n t e r m e d i a t e  0 New payload-unique t o o l s  and equipment 
0 
0 One or two 2-person EVAs 
Greater  m o d i f i c a t i o n  t o  e x i s t i n g  procedures 
and techniques 
Compl ex 0 
0 M o b i l i t y  a i d s  
0 Access o r  r e s t r a i n t  problems 
0 New, one-of-a-kind procedures and techn iques  
0 One o r  two 2-person EVAs 
New payload-unique t o o l s  and equipment 
























2. P a y l o a d  S p e c i a l i s t  - The p a y l o a d  c u s t o m e r  w i l l  n o t i f y  NASA o f  h i s  
r e q u i r e m e n t / d e s i r e  t o  f l y  a payload s p e c i a l i s t .  It i s  t h e n  t h e  d e c i s i o n  
o f  NASA Headquarters t o  determine whether a payload s p e c i a l i s t  p o s i t i o n  
w i l l  be a v a i l a b l e  on any g iven STS f l i g h t ,  t o  award t h a t  p o s i t i o n  t o  a 
s p e c i f i c  pay load customer, and t o  dec ide  i f  t h e  customer w i l l  be charged 
f o r  t h e  f l i g h t  of  t h e  payload s p e c i a l i s t .  
The p r i c e s  quoted below are f o r  NASA-provided non-payload-related 
t r a i n i n g  w h i c h  w i l l  p r o v i d e  e x p e r i e n c e  i n  t h o s e  f l i g h t  c r e w  t a s k s  
necessary f o r  any o r b i t e r  crew member t o  f u n c t i o n  e f f e c t i v e l y  and sa fe ly .  
The customer i s  r e s p o n s i b l e  f o r  p r o v i d i n g  t h e  payload s p e c i a l i s t  w i t h  any 
payload t r a i n i n g  requ i red ,  a t  a c o s t  a d d i t i o n a l  t o  t h e  p r i c e  quoted 
below. 
FY 1982 $M 

























3. A d d i t i o n a l  STS Support - One day o f  o n - o r b i t  o p e r a t i o n s  i s  i n c l u d e d  i n  
t h e  s tandard  s e r v i c e s  t o  a payload customer as p a r t  of  t h e  b a s i c  Space 
S h u t t l e  t r a n s p o r t a t i o n  charge. F o r  d e d i c a t e d  f l i g h t s ,  one day o f  
o n - o r b i t  o p e r a t i o n s  i s  d e f i n e d  as a 24-hour  p e r i o d  f r o m  l a u n c h  t o  
landing.  For  shared f l i g h t s ,  a t h e o r e t i c a l  m iss ion  d u r a t i o n  f o r  each 
payload w i l l  be determined, based upon how much t i m e  t h e  i n d i v i d u a l  
payload would r e q u i r e  i f  i t  were on a ded ica ted  f l i g h t .  Th is  t h e o r e t i c a l  
m i s s i o n  d u r a t i o n  w i l l  d e f i n e  t h e  t i m e  accountable f o r  each payload. 
S e r i a l  impact  t i m e  i s  t h e  number o f  hours added t o  t h e  s tandard m i s s i o n  
t i m e l i n e  due t o  a customer request f o r  a d d i t i o n a l  ground process ing  t i m e  
a t  t h e  launch s i t e  f o r  payload process ing.  An a d d i t i o n a l  day on o r b i t  i s  
d e f i n e d  as t h e  cont inued use o f  t h e  o r b i t e r  and ground f a c i l i t i e s  t o  
m a i n t a i n  m i s s i o n  s u p p o r t  p o s t u r e  f o r  an e x t r a  24-hour  p e r i o d .  Any 
s i t u a t i o n  needing more than the one s tandard  day o f  STS o n - o r b i t  suppor t  
o r  r e q u i  r i n g  a d d i t i o n a l  serial hours o f  pay1 oad ground process ing  w i  11 
d i c t a t e  t h e  purchase o f  a d d i t i o n a l  STS suppor t  o p t i o n a l  s e r v i c e  a t  t h e  
r a t e s  quoted b e l  ow: 
FY 1982 SM 
A d d i t i o n a l  STS Support 
S e r i a l  Impact Time 























4, P a y l o a d  Engineer ing Analyses - A v a r i e t y  o f  e n g i n e e r i n g  s e r v i c e s  a r e  
a v a i l a b l e  t o  t h e  pay load user  community on a f i x e d  p r i c e  bas is .  F ixed-  
p r i c e  loads analyses and design thermal analyses t h a t  cover  a l l  phases o f  
t h e  m i s s i o n  may be obta ined th rough NASA. Depending on t h e  o p t i o n a l  
s e r v i c e s  s e l e c t e d  ( o r  r e q u i r e d )  and t h e  scope and c o n t e n t  o f  t h e  analyses 
p e r f o r m e d ,  t h e  p r i c e s  charged can be es t imated  by t h e  complex i ty  o f  t h e  
miss ion :  
FY 1982 f M  
Pay1 oad Engineer ing Analyses 
Simp1 e 

























5. Payload Miss ion  Planning Analyses - The p r i c e  o f  a l l  m i s s i o n  p l a n n i n g  
a c t i v i t i e s  t o  produce a f l i g h t  p r o f i l e  i s  assumed t o  be i n c l u d e d  i n  t h e  
f i x e d  p r i c e  m i s s i o n  p l a n n i n g  package a l ready  discussed i n  t h i s  document. 
A c t i v i t i e s  i n c l u d e d  i n  t h i s  package are:  
F1 i g h t  p r o f i  1 e i n t e g r a t i o n  
Ascent a n a l y s i s  
A t t i t u d e  and p o i n t i n g  
P r o x i m i t y  opera t ions  
Pay1 oad hand1 i ng 
Rendezvous a n a l y s i s  
N a v i  ga t  i on a n a l y s i  s 
Consumabl es a n a l y s i s  
Descent a n a l y s i s  
F o r  t h i s  p r e l i m i n a r y  p r i c i n g  methodology, t h i s  a c t i v i t y  i s  i d e n t i f i e d  i n  





















6, Nonstandard A l t i t u d e  - The standard o p e r a t i o n a l  a l t i t u d e  for an o r b i t e r  
1 aunch from KSC i s 160 n a u t i c a l  m i  1 es. Customers r e q u e s t i n g  nonstandard 
a l t i t u d e s  ( i  .e., s e r v i c i n g  on non-cooperat ive s p a c e c r a f t )  w i l l  be charged 
f o r  t h e  a d d i t i o n a l  m iss ion  p lann ing  requ i red .  Customers r e q u i r i n g  a non- 
s t a n d a r d  a l t i t u d e  w i l l  a l s o  be charged t h e  t r a n s p o r t a t i o n  p r i c e  f o r  
d e l i v e r y  of  t h e  payload t o  t h e  r e q u i r e d  o r b i t .  Th i s  t r a n s p o r t a t i o n  p r i c e  
i s  based on t h e  loss o f  veh ic le  performance i n  l aunch ing  t o  t h e  h i g h e r  
a l t i t u d e .  For t h e  purposes of  a rough order-of-magnitude p r i c e  es t imate ,  
c a l c u l a t e  t h e  up- leg  weight factor b y  r e p l a c i n g  t h e  65,000 i n  t h e  
denominator w i t h  t h e  approp r ia te  va lue  from t h e  f i g u r e  below. The c o r r e -  
spond ing  i n c r e a s e  i n  t h e  S h u t t l e  t r a n s p o r t a t i o n  charge r e f l e c t s  t h e  
"surcharge" f o r  t h e  t r a n s p o r t a t i o n  c o s t  t o  t h e  nonstandard a1 t i t u d e ,  
FY 1982 $M 
Nonstandard A l t i t u d e  
M i  s s i  on P1 anni ng .061 
INTEGRAL OMS TANKAGE 
FIRST OMS KIT  ADDED 
SECOND O M S  
K IT  ADDED 
100 200 300, 4 0 0 ,  500 600 700 
- 
CIRCULAR ORBITAL ALTITUDE. N. MI. 
1 I I I 
200 400 €a0 800 lo00 1200 
CIRCULAR ORBITAL ALTITUDE, km 
Maximum cargo weights at various circular orbital altitudes for 





















7. Nonstandard I n c l i n a t i o n  - The standard i n c l i n a t i o n  f o r  an o r b i t e r  launch 
f r o m  KSC i s  28.5'. Customers r e q u e s t i n g  a nonstandard i n c l i n a t i o n  w i l l  
be charged f o r  t h e  a d d i t i o n a l  mission p lann ing  requ i red .  The f i x e d  p r i c e  
i nc ludes  t h e  charge f o r  p lann ing  a nonstandard i n c l i n a t i o n  f o r  a ded i -  
c a t e d  f l i g h t  due t o  t h e  l o w  p r o b a b i l i t y  t h a t  o t h e r  payloads on a shared 
f l i g h t  would r e q u i r e  t h e  same unique nonstandard i n c l i n a t i o n .  
FY 1982 $M 
Nonstandard I n c l i n a t i o n  




I 8. Launch S i t e  Support Serv ices - Launch s i t e  suppor t  s e r v i c e s  and f a c i l i -  
t i e s  n o t  i n c l u d e d  i n  t h e  standard s e r v i c e  p r i c e  a r e  a v a i l a b l e  a t  KSC. 
F o r  s a t e l l i t e  s e r v i c i n g  missions these a c t i v i t i e s  may i n c l u d e  some, o r  
a l l ,  o f  t h e  f o l l o w i n g  i tems which p e r t a i n  s p e c i f i c a l l y  t o  deployable 
sate1 1 i t e s .  
I 
I 
Fixed-price optional services package Scope of service 
1 Aircraft support Use of skid strip; loading/unloading 











3.  Hazardous processing facility 1-week occupancy 
4. Transportation 
5. Handling ground-support equipment Use of existing equipment 
lntrasite using existing equipment 
6. Communications Between customer's ground stationlHPFI 
ClTE/Dad 
7. Data analysis None 
8. Securit,, 
9. Environmental control 
10. Propellants, gases, ordnance 
Normal 24 III p n m e t c r  exon.  8-hr fzcility 
See K-STSM-14 1 for specificfacility 
Minor quantities of liquid nitrogen, 
gaseous hydrogen. and gaseous 
nitrogen; hazardous disposal 
11. Sampling and analysis As many as 25 samples 
1 2  Photographic services As many as 100 black-and-white 
photographs and prints and 61 m 
(200 ft) of 16-mm color film 
13 Office space Pro rata basis per facility assignment 
14 Safety Hazardous operations monitoring 
15 Emergency medical and fire protection Provided 
16 Test equipment Use asavailable 
i 7 .  Calibration 
18. Technical shops 
As manyas 1Ocomponentscan be 
calibrated on a noninterference basis 
As many as 10 hr of unplanned shop 
support available on a noninterference 
basis 
19. Hazardous operations suits 5 persons for two 8-hr shifts 
20 Propellant handling and storage 
2 1  Ordnance handling and storage 
2 2  Technical library Use included 
23  Launch si te support management Coordination and planning of support 
Storage and delivery of propellants to  HPF 





















For  rough order-of-magnitude e s t i m a t i o n  purposes t h e  p r i c e  charged f o r  launch 
s i t e  suppor t  s e r v i c e s  can be approximated by t h e  degree o f  complex i ty  o f  t h e  
m i  s s i  on : 
FY 1982 SH 
Launch S i t e  Support Services 
Simp1 e 





T h i s  approach and corresponding charges were d e r i v e d  f rom t h e  "NSTS Opt ional  
Serv ices  P r i c i n g  Manual . ' I  It i s  a n t i c i p a t e d  t h a t  a l l  s e r v i c i n g  miss ions  w i l l  
i n c u r  a launch s i t e  suppor t  s e r v i c e  charge. 
15 
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The worksheets  on t h e  f o l l o w i n g  pages a r e  designed t o  h e l p  users ensure 
t h a t  t h e y  have i n c l u d e d  a l l  f a c t o r s  i n  e s t i m a t i n g  c o s t s  f o r  a s a t e l l i t e  
s e r v i c i n g  m i s s i o n .  T h i s  i s  n o t  an o f f i c i a l  NASA fo rm,  b u t  i s  r a t h e r  an 





















SATELLITE SERVICING PRICE ESTIHATION WORKSHEET 
(All prices FY82 $M) 
PART I. FIXED PRICE FOR HISSION PLANNING 
M i  s s i  on Compl e x i  t y  
a. Simple 
b.  I n te rmed ia te  
c. Complex 




Se lec t  a, b, or c ( * )  and 
e n t e r  p r i c e  here 





















PART 11. VARIABLE PRICE FOR SHUTTLE TRANSPORTATION 
A. Up-Leg Provisions 
1. Enter  pay load l e n g t h  ( f t ) :  
2. C a l c u l a t e  l e n g t h  l o a d  f a c t o r :  
3. Enter  payload weight  ( lbm)  : 
4. C a l c u l a t e  we igh t  l o a d  f a c t o r :  
B. Down-Leg Provi s i  ons 
5. Enter  payload l e n g t h  ( f t ) :  
6. C a l c u l a t e  l e n g t h  l o a d  f a c t o r :  
B5 + 0.5 - 
60 - i f  B5 > 20: - 
o r  
B5 . 85 - 
73- -ZTi-- i f  B5 < 20: 
7. Enter  payload weight  ( lbm) :  
B7 - 20000 0.75 = 
32000 8, C a l c u l a t e  weight  l o a d  f a c t o r :  
C. Pr ice  ComDutation 
9. Enter  maximum o f  A2, A 4 ,  B6 o r  B8 = (C9) 
10. C a l c u l a t e  charge f a c t o r :  C9 I 0.75 = (ClO) 
I f  C10 > 1.0. s e t  C10 = 1.0 
Enter  1.0 for :  a - d e d i c a t e d  miss ion.  





















PART 111. OPTIONAL SERVICES 
1. E x t r a v e h i c u l a r  A c t i v i t y  
2. Pay1 oad Speci a1 i s t  
3. A d d i t i o n a l  STS Support 
4. Payload Eng ineer ing  Analysis 
5. Payload Miss ion  Planning Analys is  
6. Nonstandard A l t i t u d e  
7. Nonstandard I n c l i n a t i o n  
8. Launch S i t e  Support Services 
U Total Price (FYI82 $M) = ( I )  + (11) + (111) = 
To c o n v e r t  FY82 $ t o  FY86 $, m u l t i p l y  by 1.165 
A- 5 
APPENDIX B 
SMPLE SATELLITE SERVICING MISSIONS 




















C o m p l e t e d  p r i c e  e s t i m a t i o n  w o r k s h e e t s  a r e  i n c l u d e d  f o r  f i v e  sample 
s a t e l l i t e  s e r v i c i n g  miss ions  i n  t h i s  s e c t i o n .  The miss ions  i n c l u d e d  i n  t h i s  
s e t  cover  n o t  o n l y  t h e  upper and lower  extremes o f  miss ion  complex i ty  (and 
t h u s  cos t  ) , b u t  a1 so a r e  r e p r e s e n t a t i v e  o f  t y p i  c a l  , we1 1 -de f ined s e r v i  c i  ng 






















Tab le  B-1 
SERVICING HARDWARE REFERENCE DATA 
HARDWARE NAME D R Y  WT MAX WET UT PAYLOAD BAY LENGTH 
(LB) (LB) (m 
PAYLOAD BERTHING SYSTEM 
FSS A '  CRADLE 
MONOPROPELLANT TANKER 
(OSCRS Ref. Des ign)  
ORU C A R R I E R  
( Space1 ab Pal 1 e t  ) 
RMS 
MFR 
MODULE SERVICING TOOL 
MMU 
MMU SUPPORT STATION 
TPAD 
ORU C A R R I E R  
( P a y l o a d  Bay S i l l  ) 






















75 (EST) 75 (EST) 





















SAMPLE MISSION #l: LARGE OBSERVATORY SPACECRAFT 
SCENARIO : An observatory- type s p a c e c r a f t  i s  scheduled f o r  r o u t i n e  
s e r v i  c i  ng i n c l u d i n g  p r o p e l l a n t  resupp ly  and exchange o f  a 
d e f e c t i v e  module. Two EVAs are  r e q u i r e d  t o  connect and 
d isconnect  t h e  p r o p e l l a n t  t r a n s f e r  l i n e  and t o  exchange t h e  
module. Th is  module i s  o f  t h e  MMS-type and i s  designed f o r  
o n - o r b i t  replacement. The spacecra f t  i t s e l f  i s  coopera t ive  
and w i l l  use i t s  p r o p u l s i o n  system t o  meet t h e  STS i n  a 
des ignated l o c a t i o n .  T h i s  i s  - not a d e d i c a t e d  miss ion.  
ADDITIONAL SPACECRAFT DATA 
V e h i c l e  Mass = 14,000 kg ( D r y ) ,  16,000 kg  (Wet) 
Propel  1 a n t  Type = Hydrazine Monopropel 1 an t  
P r o p e l l a n t  Mass Required = 1,500 k g  ( a d d i t i o n a l  500 k g  h e l d  i n  reserve)  
Module Dimensions ( LxWxH i n  cm) = 120 x 50 x 140 
Module Mass = 500 k g  
Mechanical I n t e r f a c e s  A v a i l a b l e  = RMS Grapple F i x t u r e ,  FSS 3-point  Latch 
E l e c t r i c a l  I n t e r f a c e s  A v a i l a b l e  = 28 V DC; 1.00 kw; Standard FSS Connector 
Data/Communications I n t e r f a c e s  A v a i l a b l e  = 1 kbps Command Rate; 
F1 u i d  I n t e r f a c e s  A v a i  1 ab1 e = Fai r c h i  I d  F1 u i d s  Connector 
Specia l  Cons idera t ions  = Stow and Redeploy HGA and S o l a r  Arrays 
Standard FSS Connector 
ON-ORBIT TIME REQUIRED = 48 hours ( 2  days) 
SERVICING HARDWARE REQUIRED 
( 1 )  Payload B e r t h i n g  System 
( 2) Monopropel 1 a n t  Tanker 
( 3 )  RMS 
( 4 )  MFR 
( 5 )  Misc. Hand Tools and L i g h t i n g  F i x t u r e s  
( 6 )  ORU C a r r i e r  and Gas-type S i l l  F i x t u r e  
( 7 )  Module S e r v i c i n g  Tool ( f o r  MMS Module) 
( 8 )  Module 
B-4 












SATELLITE SERVICING PRICE ESTIMATION WORKSHEET 
(All  prices FY82 $M) 




Mission Compl exi t y  
a. Simple 






Selec t  a ,  b,  or c(*)  and 
e n t e r  pr ice  here 




PART 11. VARIABLE PRICE FOR SHUTTLE TRANSPORTATION 
I A. Up-Leg Provisions 
I 1. Enter payload length ( f t ) :  8.25 ( A l )  
I 
,0.146 ( A ? )  - A 1  + 0.5 2. Calculate  length l o a d  fac tor :  60 
3. Enter payload weight (lbm): 
4. Calculate  w e i g h t  load fac tor :  
10437 (A3) 
B. Down-Leg Provi s i  ons 
A3 + 1500 
65ooo 
5. Enter payload length ( f t ) :  
6. Calculate  length  load f ac to r :  
B5 + 0.5 - 
60 - i f  B5 > 20: - ’1 .z ,* \ 
T o -  -XI--- 
B5 . B5 - i f  B5 < 20: 
7. Enter payload weight (lbm): 
B7 - 20000 0.75 = 
8. Calculate  weight load f ac to r :  32000 
C. Price Computation I 
I 9. Enter maximum of A2, A4, B6 or  B8 = 0.184 (C9) 
. Cclculate  ? f a c t o r :  ~9 + 0.:~ . - 0.245 - -- ‘ C i C : )  
I f  C10 > 1.0, s e t  C10 = 1.0 
Enter 1.0 f o r  a dedicared mission. 
0.184 (A4) 





















PART 111, OPTIONAL SERVICES 
1. Extravehicular  Act iv i ty  
Payl oad Speci a1 i s t  2. 
0.567 
3. Additional STS Support 0.807 
4. Payl oad Engineering Analj ,is 0.200 
5. Payl oad Mi ssi on P1 a n n i  ng Analysis N/ C 
6. Nonstandard Al t i t ude  --- 
7. Nonstandard Inc l ina t ion  --- 
8. Launch S i t e  Support Services 0.300 


























SCENARIO: An observatory- type spacecra f t  i s  scheduled f o r  r o u t i n e  
s e r v i c i n g  c o n s i s t i n g  o f  an exchange o f  t h r e e  modules. Two 
EVAs w i l l  be r e q u i r e d  t o  complete a l l  a c t i v i t i e s .  The 
s p a c e c r a f t  i s  non-cooperat i ve requ i  r i n g  t h e  STS t o  rendez- 
vous a t  600 km (320 nmi)  a l t i t u d e .  The spacecra f t  w i l l  
r e q u i r e  a reboost t o  700 km ( 380 nmi)  a l t i t u d e  upon com- 
p l e t i o n  o f  s e r v i c i n g  a c t i v i t i e s .  Th is  i s  a ded ica ted  mis-  
s ion.  
ADDITIONAL SPACECRAFT DATA 
V e h i c l e  Mass = 11,600 kg ( D r y )  





Dimensi ons (cm) Mass ( k g )  
58 x 30 x 28 24 
61 x 25 x 36 62 
91 x 9 1  x 221 318 
Mechanical I n t e r f a c e s  A v a i l a b l e  = RMS Grapple F i x t u r e ,  FSS 3-point  Latch 
E l e c t r i c a l  I n t e r f a c e s  A v a i l a b l e  = 28 V DC, 1.5 kw, Standard FSS Connector 
Data/Communications I n t e r f a c e s  A v a i l a b l e  = 1 kbps Command Rate; 
Standard FSS Connector 
Specia l  Cons idera t ions  = Poss ib le  Manual Stow and Redeploy o f  HGAs 
and Solar  Arrays 
ON-ORBIT TIME REQUIRED = 120 hours ( 5  days) 
SERVICING HARDWARE REQUIRED 
Length ( f t)  Weight (1 bm) 
(1) ORU C a r r i e r  (Spacelab P a l l e t )  
( 2 )  FSS A '  Cradle DEDICATED 
( 3 )  RMS M I S S I O N  
( 4 )  MFR 





















SATELLITE SERVICING PRICE ESTIMATION WORKSHEET 
(A1  1 prices FY82 $M) 
PART I. FIXED PRICE FOR MISSION PLANNING 
Miss ion  Compl e x i  t y  
a. Simple 
b. I n t e r m e d i a t e  
* c. Complex 




Se lec t  a, b, o r  c ( * )  and 
e n t e r  p r i c e  here  





















PART 11. VARIABLE PRICE FOR SHUTTLE TRANSPORTATION 
A. Up-Leg Provi s i  ons 
1. Enter payload 1 ength ( f t )  : 
2. Calculate  length load f ac to r :  
3. Enter payload weight ( l b r n )  : 
' 4. Calculate  weight load fac tor :  
B. Down-Leg Provi s i  ons 
5. Enter payload length ( f t ) :  
6. Calculate  l eng th  load f ac to r :  
B5 + 0.5 - 
60- i f  B5 - > 20: 
A 1  + 0.5 
60 
A 3  + 1500 
-6?nm- 
'I 
7. Enter payload weight ( lbm): 
B7 - 20000 0.75 = 
32000 8. Calculate  weight load f ac to r :  
C. P r i c e  Computation 
9. Enter maximum o f  Ai ' ,  A 4 ,  B6 o r  88 = (C9) 
10. Calculate  charge f a c t o r :  C 9  + 0.75 = ( c 1 0 )  
If C10 > 1.0,  s e t  C10 = 1.0 
Enter 1.0 f o r  a dedicated mission. 





















PART 111. OPTIONAL SERVICES 
1. Extravehicular  Act iv i ty  
Payl oad Speci a1 i s t  
3. Additional STS Support 
4 .  
2. 
Payl oad Eligi neeri n g  Analysis 
5. Payload Mission Planning Analysis 
6. Nonstandard Al t i tude  
7. Nonstandard Inc l ina t ion  







Total Price (FYI82 $K) = (I) + (11) + (111) = I 81.5 I 
To convert FY82 $ t o  FY86 $, multiply by 1.165 
B-11 
SAMPLE MISSION 53: MAN-TENDED RESEARCH FACILITY 
I 
I 
0 SCENARIO: A man-tended ( i .e . ,  p r e s s u r i z e d )  spacecra f t  i s  scheduled 
f o r  a r o u t i n e  s e r v i c i n g  f l i g h t  which i n c l u d e s  t h e  exchange 
o f  a l o g i s t i c s  module and I V A  a c t i v i t i e s  by t h e  crew ( i n  
t h e  S h u t t l e  and the research  f a c i l i t y ) .  No EVA a c t i v i t y  i s  
a n t i c i p a t e d .  The " f r e s h "  l o g i s t i c s  module c o n t a i n s  raw 
m a t e r i a l s  and other  consumables. The r e t u r n i n g  l o g i s t i c s  
module conta ins  f i n i s h e d  products.  Both modules a r e  
i d e n t i c a l  i n  terms o f  mass, dimensions, and i n t e r f a c e s .  
These modules are designed t o  be exchanged u s i n g  o n l y  t h e  
RMS. S u f f i c i e n t  payload bay space must be reserved f o r  two 
modules and w i l l  be u t i l i z e d  d u r i n g  t h e  exchange process. 
T h e  v e h i c l e  has no p r o p u l s i o n  sys tem and i s  t h u s  non- 
coopera t ive .  This i s  - n o t  a dedicated miss ion.  
0 ADDITIONAL SPACECRAFT DATA 
Vehic le  Mass = 15,000 kg ( e s t )  
Propul  s i  on System = None ( i .e., non-cooperat i ve) 
L o g i s t i c s  Module Dimensions = 14.5 f t  d i a .  x 8.5 f t  l e n g t h  
L o g i s t i c s  Module Mass ( w e t )  = 8,000 lbm (3,600 kg)  
Mechanical I n t e r f a c e s  Avai 1 ab1 e = RMS Grapple F i x t u r e  ; 
Speci a1 A i  rl ock Adapter 
E l e c t r i c a l  I n t e r f a c e s  A v a i l a b l e  = 28 V DC, 2.00 kw, Standard FSS Connector 
Data/Communications I n t e r f a c e s  A v a i l a b l e  = Spacelab Data Bus 
Specia l  Cons idera t ions  = C i r c u l a r  O r b i t  a t  250 nmi (460 km) 
0 ON-ORBIT TIME REQUIRED = 96 hours ( 4  days) 
0 SERVICING HARDWARE REQUIRED 
Length .I ft) Weight ( lbm) 
( 1 )  Vehic le-unique Docking Adapter and A i r l o c k  10.0 1764 
( 2 )  RMS --- 905 
( 3 )  Misc. Hand Tools and L i g h t i n g  F i x t u r e s  --- 50 
( 4 )  L o g i s t i c s  Module (Room f o r  2 i n  cargo bay) 17.0 8000 
27.0 10719 





















SATELLITE SERVICING PRICE ESTIMATION WORKSHEET 
(All prices FY82 $M) 
PART I. FIXED PRICE FOR MISSION PLANNING 
M i  s s i  on Compl e x i  t y  
a. S imple 
* b .  I n t e r m e d i a t e  
c. Complex 




S e l e c t  a, b ,  or c ( * )  and 
e n t e r  p r i c e  here 





















PART 11, VARIABLE PRICE FOR SHUITLE TRANSPORTATION 
A, Up-Leq Provisions 
1. Enter payload length ( f t ) :  27.0 ( A I )  
I 
0.458 ( A 2 )  - A 1  + 0.5  2. Calculate  length  load fac tor :  60 
3. Enter payload weight (lbll.): 
4. Calculate  weight load fac tor :  
(nonstandard a1 t i t u d e )  
10719 ( A ? )  --- 
- Oe305 ( A 4 )  A 3  + 1500 
40000 
B. Down-Leg Provi si ons 
5. Enter payload length ( f t ) :  27.0 (B5) 
6. Calculate length  load fac tor :  
B5 + 0.5 - 
60 - i f  B5 > 20: - \ 0.458 I or  i f  85 < 20: b j  . B5 - T T -  
7. Enter payload weight ( l b m ) :  10719 (B7) 
B7 - 20000 0.75 = 
32000 8. Calculate weight load f ac to r :  
C. Price Computation 
9. Enter m a x i m u m  of A 2 ,  A4, B6 or B8 = 0.458 (C9) 
10. Calculate charge f ac to r :  C9 i. 0.75 = ---- 0.611 ( c l o j  
If C10 > 1 .0 ,  s e t  C10 = 1 . 0  
Enter 1.0 f o r  a dedicated mission. 





















PART 111. OPTIONAL SERVICES 
1. E x t r a v e h i c u l a r  A c t i v i t y  
Pay1 oad Speci a1 i s t  2. 
0 
0.142 
3. A d d i t i o n a l  STS Support 2.421 
4. Payload Eng ineer ing  Analys is  0.200 
5. Payload M iss ion  P1-anning Ana lys is  N/ C 
6. Nonstandard A l t i t u d e  0.061 
--- 7 .  Nonstandard I n c l i n a t i o n  
0.300 8. Launch S i t e  Support Serv ices 
To ta l  P r i c e  (FYI82 $M) = (I) + (11) + (111) = I 50.0 ] 





















SAUPLE MISSION 14: UmANNED MPS SPACECRAFT 
SCENARI '0: An unmanned MPS f a c t o r y - t y p e  spacecra f t  i s  scheduled f o r  
r o u t i n e  s e r v i c i n g  c o n s i s t i n g  o f  an exchange of l o g i s t i c s  
modules,  t h e  replacement o f  an MMS-type power c o n t r o l  ORU 
and a resupp ly  o f  t h e  on-board p r o p u l s i o n  system. Two EVAs 
a r e  r e q u i r e d  t o  c o n n e c t  and d i s c o n n e c t  t h e  p r o p e l l a n t  
t r a n s f e r  l i n e  and r e p l a c e  t h e  ORU. The l o g i s t i c s  module 
w i l l  be exchanged u s i n g  t h e  RMS. Wi th  an on-board propu l -  
s i o n  system, t h e  s p a c e c r a f t  i s  coopera t ive .  This  i s  a 
ded ica ted  mission. 
ADDITIONAL SPACECRAFT DATA 
Veh ic le  Mass = 9,000 kg (Wet) 
Propel  1 an t  Type = Hydrazine Monopropel 1 a n t  
P r o p e l l a n t  Mass Required = 3,000 k g  
Module Dimensions Mass 
L o g i s t i c s  14.5 f t d ia.  x 20 f t  20,000 l b  ( 9 0 7 0  kg) 
Power Contro l  47" x 20" x 55" 1,100 l b  ( 500 kg) 
Mechanical I n t e r f a c e s  Avai 1 ab1 e = RMS Grapple F i x t u r e ,  FSS 3-point  Latch 
E l e c t r i c a l  I n t e r f a c e s  A v a i l a b l e  = 28 V DC, 1.0 kw, Standard FSS Connector 
Data/Communications I n t e r f a c e s  A v a i l a b l e  = 1 kbps Command, 
F1 u i d  I n t e r f a c e s  Avai 1 ab1 e = Fai r c h i  I d  F1 u i d s  Connector 
Standard FSS Connector 
ON-ORBIT TIME REQUIRED = 96 hours ( 4  days) 
SERVICING HARDWARE REQUIRED 
(1) FSS A '  Cradle 
( 2) Monopropel 1 an t  Tanker ( OSCRS Ref. Design) 
( 3 )  RMS 
( 4 )  MFR 
( 5 )  ORU C a r r i e r  ( GAS-type S i l l  F i x t u r e )  
( 6 )  Module S e r v i c i n g  Tool 
( 7 )  Misc. Hand Tools and L i g h t i n g  F i x t u r e s  
B-16 
Length ( ft) Weight ( 1  bm) 
DEDICATED 
M I S S I O N  
SATELLITE SERVICING PRICE ESTIMATION WORKSHEET 
( A 1  1 prices FY82 $M) 
PART I. FIXED PRICE FOR MISSION PLANNING 
Mi s s i  on Compl exi t y  
2. Simple 






Selec t  a ,  b ,  or c ( * )  and 
e n t e r  p r i ce  here 





















PART 11. VARIABLE PRICE FOR SHUTTLE TRANSPORTATION 
A. Up-Leg Provisions 
1. Enter payload length ( f t ) :  
2. Calculate  length load f ac to r :  
3. Enter payload weight ( l b r n )  : 
4.  Calculate  weight load f ac to r :  
B. Down-Leg Provi s i  ons 
5. Enter payload length ( f t ) :  
6. Calculate  length load f ac to r :  
- B5 + 0.5 - 6i f  B5 > 20: - 
7. Enter payload weight ( lbm): ( B 7 )  
B7 - 20000 0.75 = 
32000 8. Calculate  weight load f ac to r :  
C. Price Computation 
9. Enter maximum of A 2 ,  A4, B6 o r  B8 = ( C 9 )  
10. Calculate charge f a c t o r :  C9 I 0.75 = 1.0 [ci:’  
I f  C10 > 1.0,  s e t  C10 = 1.0 
Enter 1.0 f o r  a dedicated mission. 
11. Transportat ion Charge = C10 74 = * F l ( I I )  
B- 18 
PART 111. OPTIONAL SERVICES 
1. E x t  r a v e h i  c u l  a r  Act i v i  t y  
Pay1 oad Speci  a1 i s t  
3. A d d i t i o n a l  STS Support 
4 .  Payload E n g i n e e r i n g  Analysis  
5. Payload M i s s i o n  Planning A n a l y s i s  
6. Nonstandard A l t i t u d e  
2. 
7. Nonstandard I n c l i n a t i o n  






T o t a l  P r i c e  (FYI82 $M) = ( I )  + (11) + (111) = 1 79.5 [ 





















SAMPLE MISSION t 5 :  SMALL OBSERVATORY SPACECRAFT 
SCENARIO: A preplanned s e r v i c i n g  miss ion  t o  an uncoopera t ive  
s a t e l l i t e  w i l l  rep lace  two d e f e c t i v e  modules. Two EVAs 
w i l l  be r e q u i r e d  t o  complete t h i s  miss ion :  t h e  f i r s t  t o  
r e t r i e v e  t h e  spacecra f t  ( u s i n g  an a s t r o n a u t  w i t h  an MMU) 
and t h e  second t o  complete t h e  s e r v i c i n g .  Assume f o r  t h i s  
example t h a t  t h i s  i s  n o t  a ded ica ted  f l i g h t  and t h a t  t h e  
spacecra f t  i s  a t  t h e  nominal STS o r b i t  a l t i t u d e .  
ADDITIONAL SPACECRAFT DATA 
Vehic le  Mass = 5,000 l b  (2 ,270  kg) 
Propu ls ion  System = None 
Modul e D i  me i - Mass 
ACS 47" x 20" x 55" 1,100 l b  (500 kg)  
Mai n E l  e c t  r o n i  cs Box 100 l b  ( 45 kg)  ( Negl i g i  b l  e )  
Mechanical I n t e r f a c e s  Avai 1 ab1 e = RMS Grappl e F i x t u r e ,  FSS 3-poi n t  Latch 
E l e c t r i c a l  I n t e r f a c e s  A v a i l a b l e  = 28 V DC, 0.25 kw, Standard FSS Connector 
Data/Communi c a t i  ons I n t e r f a c e s  Avai 1 ab1 e = 32 bps Command, 
Standard FSS Connector 
ON-ORBIT TIME REQUIRED = 96 hours ( 4  days) 
SERVICIN6 HARDYARE REQUIRED 
( 1 )  FSS A '  Cradle 
( 2 )  RMS 
( 3 )  MFR 
( 4 )  Module S e r v i c i n g  Tool 
( 5 )  MMU + Support S t a t i o n  
( 6 )  TPAD 
( 7 )  Misc. Hand Tools and L i g h t i n g  F i x t u r e s  
( 8 )  ACS Module 
( 9 )  Main E l e c t r o n i c s  Box 
B-20 






























SATELLITE SERVICING PRICE ESTIMATION WORKSHEET 
( A l l  prices FY82 $M) 
PART I. FIXED PRICE FOR HISSION PLANNING 
Mi s s i  on Compl exi t y  
a.  Simple 






Selec t  a ,  b ,  or c ( * )  a n d  
e n t e r  pr ice  here 





















PART 11, VARIABLE PRICE FOR SHUITLE TRANSPORTATION 
A. Up-Leg Provi S i  ons 
1. Ente r  pay1 oad l e n g t h  ( f t )  : 
2. C a l c u l a t e  l e n g t h  l o a d  f a c t o r :  
i, I .  ' ? r  pay load weight  ( l bm)  : 
4. C a l c u l a t e  we igh t  l o a d  f a c t o r :  
B. Down-Leg Provisions \ /A  
5. Enter  pay load l e n g t h  ( f t ) :  
6. Ca lcu la te  l e n g t h  l o a d  f a c t o r :  
E5 + 0.5 - 
60 - i f  B5 > 20: - 
ti5 . B5 - 
73- - z T T -  11 is < 20: 
7. Enter  pay load weight  ( l bm) :  
5.4 ( A l )  
- 0.098 (A2) A 1  + 0.5 60 
6325 ( A 3 )  
'1 
I 
~ ( B 8 )  B7 - 2 ~ 0 0 0  0.75 = 32000 8. Ca lcu la te  we igh t  l o a d  f a c t o r :  
C. Price Computation 
9. Enter  maximum of A 2 ,  A 4 ,  B6 o r  B8 = 0.120 (C9) 
e charo-  -7c:or: C 9  + 0.75 = 0.160 (C?'? - -  _ _  
I ,  _ _ "  > 1.0, se t  C10 = 1.0 
Enter  1.0 f o r  a ded ica ted  miss ion.  






























E x t  ravehi cul ar Act i vi t y  
Payl oad Speci a1 i s t  
Additional STS Support 
ray1 oad E n g i  neeri  ng Analysis 
Payl oad M i  ssi on P1 a n n i  ng Analysis 
Nonstandard Al t i t ude  
Nonstandard Inc l ina t ion  








i 4.6 1 
To convert  FY82 $ t o  FY86 $, mult iply by 1.165 
